P^raiNT SPECIFICATION dD 126 

^ Apphc^m Jfe. 716336 (32) Fied 27 Aiardh 1968 

^ S^S^r^r^.^^^^^ (32)FH«tUM.^.l.... 
H C45) Complete Specificrion published 29 March 1972 

(51 L^tionBlOasaficmon COS f 7/02, 25/00,27/06 

(52) Index at acceptancs: 

(72) InvaittB- hPATHAN HARVEY CANTER 

(54) SULFONATED ELASTOMERS 

America, of Linden, New Jetsev TMt,5 ? Delaware, United States of 

invention for which vre pm S^ZSf S^f ^T^' ^° ^"^^y declare the 
5 which it is to be peiforiS^toS vS.Zl^^^'^^ "^^J^od by 

ment: - aiea, to De particularly described in and by the following state- 

suIfonTfacK^^^ 7^^^^^ f^^^^^ add groups or 

elastomer » is employed in the socdSL , ^. ^■'^ elastomers. The term 

10 polymer having nib£rJike?h^ctS^^^^ "^^^^ of a 

re^&SS^Jtir^^^^^^ and thennosetting 

Its softening point or melting ihn \^J^l\Z t ^ J'i Polymer up to 

\^t^r^r.7^tr^C':S^:^ ^^3? ha?e hardened, 
polymer molecules. The crossliSte rly KSSffS-?^^^^^ between 
various monomers or other additives ml S^^J^J ^^^^^ ^'"'^^'^ of 

20 They^rho^vr^cr^^^ -^^5 are thennopla.dc. 

tors which reaa with the carbon of thrSsaS t"^ ^*^^ '^'^ 
to form in effect a thermoset pJoducTwS wt'^ *e polymer molecules 

i^^JSm^^ pbj^^^^^^ 

25 rubber, for e,:ampS,Tarb?^5Sfnked h^™? ^y the crosslinldng. Natural 

reacts with the carta S ^Tnsifed L ^ use of sulfur which 

bridge between two moLlS ™ S on. P° y"?« ^nolecule to form a 

the second molecule. TsXTent c^ lS' S^ rhf.'^''^'""^ i-s covalently bonded to 
ia a single giant molecule. Oni cSinkeS Z ^ molecules are joined 

30 longer be fabricated cxSpt^SwI^ M^i^^V' 'T'''^^^ no 
improved phy.sicalpropertiS.SXvd^^^ has however, significandy 

flexibility, thermostabiUtv and manv other ^n!ll ^'asoaiy, impact resistance, 

A third class of poySs knLnas ? '"^^duced or improved, 

which, although they aTcSntd havVr.S^^ ^^^^ been developed 

35 and may even be dissolved in vSs soKts aI n^^f""^ ^"""^ 

polymers behave similar to croSl4 a, . ^ «se temperatures, these ionic 
they are readily deformed anri-or^d ''^'^'^ temperatures, however. 

These ionic polymeS (SmeS owe rS.V^ ^ ^ thermoplastic resins, 

has been accom?Ss?ed by ZnTr", cmsslinking 

40 polymer. Typical of rhe.e W '"^^'^f bonding between molecules of the 

un^cui^ted'SSo or^cX^S °' ethylenically 

(^e., for example, Briu-sh^^^ttt?^^^^^ 
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sulfonic aac! sau anu „I--7 ' 

links, see, for example, U.S. Pa«°"f tfL^tii known 10 the art. For example, aromatic 
Methods of sulfonating p«l>^ a« S^ribS b U.S. patent 3,072,618, 

containing polymers arc ^"^^ <«f „^ sCL as the sulfonating agent, 

wherein a complex of a lower a^kylphospto^^^ ^ sufficient 

These sulfonated aromatic .f^^" •^'^^'^'/r Somatic containing n^ins have 
extent to be water-soluble in their ""^./"^^'.'X Jid used as ion exchange resins, 
been sulfonated, converted to 'gl^^^^^aSl 1?ac^^^^^^^ rings in styrene- 

Sr^SSy&'rirSoT^^^^^^ visco on produ., see, for 

polymers may be ^»^r?e„1lc1 S^^^^^ and high temperature mdt 

SfS :Say least a portion of the sulfonic acid 

moieties to their corresponding amme or ^^^^^ sulfonated elastomer con- 

tai„i„^^£^Scto=~»dt?r21 mole =/ sulfonic acid groups as 

•'^t'^Slar the sulfonated — ^^.^^T:^^^^^^^ SlSl.^ 
dissolving the unsulfonated fom the ek^^'^" eLtom^ a a temperature betw«n 
for the said complex of (b), f g/f "^"SJ^J^S^^^^ example one to four moles 
-100° and 100° C with a sulfonating ag*=»J^'^^P";S^nK aewit, selected from the 
of) sulfur trioKlde.and (^-fr^^sX^or Stro'^^^^^ to 21 mole % 

»tS;f «"^rir3'tMc add groups ar. in the 

corresponding salt form. nmducts and process of this inventitm. 

When employed m connection wti^^ the g^J^^^ "aromatic units", 

the term « aromatic " in " aromatic nucla , aromatic groups , 
means monocyclic aromauc. emnloved in the specification and claims mams 

The expression " butyl rubber as '"'^"P^^^^'^l^-l^^. havine therein from 70 to 
copolymersVe from a ---^ bSSe S?0 to 0.2% by wei^t 

99.8% by weight of a Q ^° ^; J^^.^^' ^^^^^ The resulting copolymer cpiitains 
of a C, to Cu comugated '^"I'i^S^ooffirand 0 2 to 15% of lombined muWolefm. 
85 to 99.8% by weight of -"?™^'^«te J^^^^^ of about 20,000 to about 

Butyl i^f'^ y ^^^^^^^ about 100,000 to about 

tion of butyl rubber is desmbed ui ^ -S- Ptent -^W^S;^ butyl rubber has 

p^ding ionomets rf tWs toraion 5 * SSiT*e butyl niter mi «*- 
bine. The erafdng is =^°rtlSj,e*i^SSt» (1?^^) to 1« P"»"» 

rubber in a irabstantiaUy men t-y—'-. „,uCr cement with a halogen gas for a period 
heptane, etc., and contaaing this but>'l ™J*f a hydrogen halide are 

rfaboSt 25 minutes whereby fadog«iatedbutyl^^^^ bond in the 

toqrl rubber are suitable for use m this invention. 
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°><*»Mliir weight o( about 357^ mrawnmcm and a viscosli, 

average 

^PS^t^^X^^ST"' ^ ^ J^alogenated butyl 

Pol3^rySSto """"" ^ ^ '«>'<'»»t.d butyl rubber-styrene graft 

^CH,.c^,„,.i,,„. ^ ^^^^ 

Elements may also be xised i-enodic Table (hereinafter identified) of the 

tion S Si^tiSf f^^^^^^^^ - appHcable ta the W- 

Its structure. A particularly suita4 dSSr '^^'^ in 

copolymer of the £neralstr4turKt: homogeneous siyrene isobutylene 

polystyrene and polyisobuiylene " '^"^ P«dommantly polymer blends of 

stead^"|te'3^^^^ ^SSStt ^^^-^^-^^ 

Solvent for the polymenSn is Sh^Sl "u" ^eU-mixed tank type reactor, 
methyl chloride. T^lSma maf^i^*' or a hexane rich blend of h«ane^ 
mtichas90mole%styrSr mole % styrene 

wbch is prefcnTbly preparedTy alTt 2 L Z-r""!? complex 

with 1 mole of a phosnhoro<i^ j ^ aoout 4 moles of sulfur trioxide 

In carrying out the pr^eL TZw ^ ^'^ recovering the sulfonated polymer 
sulfonated with a suLE' io^rZn v" '"'"y^ a^matic-contaimV polymer is 
with a Lewis base SSny^^eSrK^o'J^ cLCon 
js a lo%vertris{kyl phosphate. ^ preferred embodiment, the Lewis base 
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in the sulfonation reaction. ^ sulfur trioxide donor arc contacted 

In a preferred embodiment, tiie l^ase ana . However, it is not 

(to form a'complex) prior to oSSTS t^e -S-ng agent, but rather 

essential to prcmix the sdfur ^^^^^^'^^ present during the sulfonating 
it is only necessary ^^^^^ ttio^ide donor and complexing agent may 

^r^^A"^ ^^IK'^the c^mpleK n,ay be forced in situ 

^*«B^r^*rrnipie.n. ^^-if:^^':,ssi^ '^c% ^ 

door, the sulfonation temperature "ee^^^^^^ 

may vary from as low as -100 C, to »'' ™f" ^; ^ . level. For instance, the sul- 
a (Pitied condition ^^^^T^^ P^^^i ^^^^ 0.5 atmosphere up to a 
fonatlon may be carried out ° '^'J'^.^o'^eres. The most suitaWe condmom 
superatmospheric pressure m the J^f J^^^ 15° to 40° C and pressures which 
frmn an economic standpomt are temperatures ot 3 to | ^^^^ef^^y wth the 
STapproximately atmosph^c m the compleK used, 
particular conditions selected, the compotmd txm several hours after the 

^cneraUy, the reactions .^^g'^^J.j^f "^^^^^^ at approximately room 

rpSurranTrtEli -act «d S^^^iS 

having the gMieral formula: 




ae nialkyl phosptotts and Pl^P5^^^ compounds aiioMe f or use as ""pte^S 

"•r 'si;*p^i'sssr»-. "p^' p'-'^ 

phosphate, uicdiyl phosphite, etc. 
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Other organic compounds suitable for , 



may b«halogen-sabstitx«ed Peri's ^^^^ «• The groups 

As used in the specification the teS " suSutJ J"^'"" ^ 

m reference to tlicse R, to R, erouK^Pn^S /^^"^^"^es thereof" when used 

Illustrative of sSi orgLk nwJSni, I halogen-substituted R groups, 
nicthyl pyrophoHpfaardSyl SKSn^^Kt^^'^y^P^^^^ 
diethyl Pyrophos^uiie; Where pyrophSL^^ bisC2,4-diclilon)phenyI) 
preferably 12 moles of sulfur Sdc donor f '^"J' «^ but more 

phosphorous compound. ^e completed with each mole of 

conta?nXintmt>1e:"^''' " - *ose Lewis bases which 

be hydrogen and R„ is seLt^ f«^^ 1 * ^ ^ hydrogen, R„ must not 
BroaJly leaking, t l^^foJSnX^Z::^l' °' ^ ^" -^jS 

atSms, ^'nu™'g4's o^'^comSse'^boS "S^e T by haloge^ 

reference to r; R„, R,., R^^and ""^^'^^f^'al and substituted groups, With 



a" 



|S"ofa'?afe whte\rRS^"R'trr^co^nt" ^'^^ ^^'^ 

the use of excess sulfur trioxide donor S reouVifV^t^ '' "'"l^" ^'^^^^'^ 
of these units. The organic r'/C rT T or R ST' ?"»fonation 
or oxygen atoms, or niL grou^^. W th iSerence J'^'^eu 
"substituted analogues » as usS in ««-1fi™tS ^'^ ^°"P^' 
substituted with o^gen or or S?Sr«.^ -^T ^ 

addition, fused cydicTgand'^Sn"sS?SrL3^;^^^^ 
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ofl^i^are P^dinc. 2-methyl pyridine, 2,6- 

din.eSrpSS.:'q?oonr^^ ..d ui-n- 

p.op?^Sf S^^SrS to nlt^ogen in the complex .a. 

carbons. The prrf^red be prepared by dir^ 

weight, more preferably, 10 ^°J^JrJ'~^ l^^ to dissipate tlie heat evolved. The 
addition of the reagents PI^^^^J mSnS^S^^^^^ ^ P^^^" 

reactions of complexes of SO, 
backbones containing aromanc nuclei 

the use of excess complex- IS dearable in si^^ complexing sulfur 

Mo/dJK^iif- -^^^^^ p°'^- ^'^^ 

general formulae of such bases are: 



R!9 



or 



wherein R. and -Vtr^fsuSSfed atv^til^-^^^^^^^ 

be C, to Q, alkyl, aryl, ^^^1 linT mS'd present. With reference 

halogen, nitto grou^ and ethcrgai as used in the specificanon 

to R,, and R.. the term " ^^f^J^^^'SSvl Mso suitable as oxygen con- 
means R„, R» and R« substituted f,^^™.™ The presence of axyl, alkaryl 

af this invention are tetrahydiofuran, P?"^"""^^^^^^^^ edier, 
having the general formula: 

O 

R.,— <L-0— R.-S 

about 2: 1 to about 4: 1, e.g. 3: 1. , ^ complexes of sulfur txioxide donor 

The preferred solvents . ^^""".^^m'SS hvdiocarbons or the oxygen 
with complexing agents —.^f^^^^t,!'^^^ are carbon tetra- 

containing completing ag«^ ; ly^strauve ^ J^^^J'^j^i^dc. The complexes inay also 
btS^^St; di^"Sd»S^^^^^^ a« taken to dissipate evolved 

^^-The reactions °^ ethe^al^.^^^^ 

rpSifS£^K^^^^^ ^ .used 

Any of the pho^honis, ^„ ^^^X^^SSf Jy be used. The preferred 

Wherl the ^osphom comainmg complaang ag^t^^^^ 
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preferably non-aromatic. ' P"^^"^'^^ '^"^ the complex. The solventfe 

acetate, isoamyl acetate and ^doSSS ' bis-/?-chloro.sopropyl ether, butyl 
Mo«';tpy;^ is loss than 25 wt. %. 

to 4-?0^ C!"&n£^^^^^^^^^^^^ C ™ote p.efe..Bly -40 

preparation of the complex in the SjmLSS^nn h. i '^'f'^^/"*'^ "^^^ 
Where the complex is prepared prSr use L coiSnS^K 
to 25 %, mo. p.fe.bly 20 ^'^ ^TSerH^tr^o^^^^^ 

+lWo^?"ISo^'tiS'= jSShS. Stmole" T^-^- -lOO and 

solution. The reacUon timemav ^P'''' I" soluuon is added to the poly^ 

soluble d^roughoufSraLrpcricS^iSm?, Lt"""" "^.I^^KtSS 
the sdvents in hot water. The water also de^mnn^f i ^ "~r^«d ^7 flashing off 

The sulfonated polymers bmv {Tnur,^^?^ thcunreactcd complex, 
low boiling ketones o^r KTm '""t^.?^ - Presence of 

and methanol. After kneading, the poSk f P"T"«= are acetone 

^hZ^L^L'^PxifS'x i per mole of phos- 

about 4, e.g. 3. **~" * ^° ^'""t 7; more preferably, about 2 to 

A typical sulfonadon reaction proceeds as follows, R being an alkyl group: 



'^^CHj - C 



(l»)3PO:{S03)3- 



CH2- C - CH, --CH^ (RO)3P0:(SO3)2 

" 0 
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present invemion may be f ^^^^^^ SS'imrthe valence of the ion cor- 
^t.'-^.SJlit.'Zr^^^^^ - obtained fro. — 
^-^''^^.^.^TLn. .re those in which the metal is bonded m more than 



The non-comple.ed metal io^^J^^^^XanTJe^^^^^^^^^ ^^Tc ^' 

the present invention compnse ^^'.^^'l^'fM TMc of the Elements. (See 
II, III. IV, V, VIB. VIIB and Rubber Publishing Co , 



[Product] 



' [^SO^Hl lAmine] 

for the reaction -'SO3H+ Amine » Product 

where: 

[Aminel = Concentration of amine 
The preferred amines have a K. value in *eo^^^^ onO- to 
ferably alJut 10' to lO;^. "^^^^Il^^S^e Sl^oS^^^^ Stiary amines 

^^S^^^^^^^^TA o.y by .e num^ 
in the Fepaxatiou of sulfonic acidiono^^^^^^^^ j^^^yy 1 to 20 

p^L?J^to1?moles; most.pref^Wy^o 12mole SO.complex is 

In a sulfonation Process m^a«o*f,^fJif p^r 100 repeating units in the 




4 m 12 moles. The sultonatea ontfMabW 2 to 16 mole %; most prctcraoiy 

as moles sulfonic acid groups per monomer ^^^.^^^ Ba-, the lomc 
For divalent metal 10ns [M+-] /^J^e sulfonate). ] groups per 100 

It is preferably less than 12 moks of [M- ^^^°i'J\*?rFi-% and Co-, the 
TLr S. For trivalent metal ions [M^ ] sudi as Ai , 
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„ ijjuiiwiijcr uniis. ^ ™»>,„_,3j 

■^^fa. of which iple^^JS^STSfplt' '""™^ 

- . Example 1 

overfir^eSTL^Sr^^^^^^^^^ in a. convendonal 

outer chambers for circulation of mctams Th^r^^L a stirrer and two 

ture bath. Two feed hnTwere Ti^" Jl was suspended in a tempera- 

n solvent and the -ond ^nS^^^^^^^ g-Jve'd in 

proper tempcraiure taiaiysi. uotn feeds were pre-chilled to the 

xko. J ^ V. Example 2 

its solubiliiy 

Tt. A r ^ Example 3 

Tu . , ^ ^ Example 4 

T,. . , , _ Example 5 

obtJ^^pSSm Ll STSJli T^f^'Z''^ °f Example 2 to 



Example 7 . ^t,- 

addition of ZnO such that 5 moles of !^^'„^^^^ 
good non-polar solvent resistance (Table 11). 

The ■«»., of E»npk 1 ^^^^tiS^K^n^^- 
obtain a «ft 20 J moto rf stOftm^d^M^ 

Z,K) such *« 10 mate <* "Ste^JTS^We S "noldtog c«Klid<»». 



11 
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'%» most preferably 4 to 12 mola %. (,ovjj;„Aa groups, is 2 to 18 mole 

T, . , Example 11 

^if™** °* thc-matenal were found to be identical in all restKm to a 
carefully punfied preparation (in dichloroethane). respects to a 

^^^^ 

aicononc thickencas, flocculents, dye receptors and adherents to metals. 

. ^ Example 12 

Patent 1 iSI?^ r^'no^^"'^" P«^Pared using the method of British 

: ' Speafically, 100 grams of chlorobutyl rubber HT-1066 was dis 

mli 1* solvent system of 900 ml. of heptane and 1000 ml propaii i g 
206.3 gm of freshly distilled styrene was added and then 2 87^ of AlPt^ 
catalyst. The reaction proceeded for 90 minutes. M tte end Ss affe S2 
was recovered and dried j the yield was 249.0 gm. The xnoda& Z^^^J^^ 
rSEKtaSKhrc^ homopolymer. l^.'^tlfiri^J:' 
LahfiTSo^lSATf"^' *e gelatinous precipitate. TbeMEKsolS 
5 «°»- of this material was dissolved in 190 ml of 
038 ^^f^;JJ^l °f U.S. Patent 3,0/2,618 wS ^ thm 

« 5° C ?he^5i^S'^JT added followed by 0.28 ml. of sulfur trio^Te 
Sd 'the^pro^uaX^P'""'"' ^ quenching, 
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oblect ~. '"'-"jft'f,?",""" lb./m.' and elong«Uon « bcai 

^^ ^^ * *" *' ""-'"""^ ^ 

swollen. 



Table III 

Behaviour of Graft Copolymer and Ionic Graft 
Copolymer Toward Solvents 

Graft Copolymer Ionic Graft Copolymer 



Benzene 


soluble 


swells sHghdy 


Carbon tetradilotide 


soluble 


swells 


Heptane 


highly swollen 


insoluble (not swollen) 


Medianol 


insoluble 


insoluble 


Acetone 


insoluble 


imoluble 


Methyl Ethyl Ketone 


soluble 


insoluble 


Water 


insoluble 


insoluble 



Example 13 , , 

inlhnmon ms carried out in solvent mixtures of ^y'^^'^^^^,^^^^ 
The iBcovered polymer was dried at 130° C 
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B^aZ^Z!!^ ^^'^ -"^^ ^^^^^ ?^o^d^ « 

n«cliJ*rf r^Tf^r ^ '^^'^'^ terms of sulfonation of the aromatic 
Z m polymers such as SBR wliich contain a high deSS^ o5 

ncm-aiomatic unsarurat.on, the sites of unsaturation are also sulfonated Not SJhinI 
^"''y. it is postulated that sulfonic add moiSL dSS 
/ non-aromanc unsaturation and aromatic rings d^eMent^n £ 
S SI tal^K!''"",'*' "^"'"^^ and the reactivity S thfsitesTulfoLfd 
He^cTin^ f of ^saturation ar« more reactive than the aromatic ring 

SSJnon^.™- ^-^^ preponderance of the sulfonic add groupsTe 

aaaed at non-aroraaoc unsaturation sites. ^ 

nnl™'^ ^L^^'-? ""^y ^'^ pendant either from the aromatic rincr or the 

pol3mer backbone, their concentration in the polymer is expressed rmole y baS 
on the polper rather than the aromatic units. It is dcSTriit Ae sulnaS 
i„M "^""""^ to about 20 mole % SOaH^oups! prefmblv 

Fm.! ol * f """Inn/" f °? Preferably about 1 to about 8 mole%, eg., 3^ mok 
LIT ^ °* groups may be neutrali^d S^foX 
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Table VI 
Properties of Sulphonated S 





Mole % 
SOjNa 


Tensile 
lb/in= 


III, 


Modulus 
(30%) 
lb/in* 




% 
Set at 
Break 


0 

0.48 


0 
0 


35 


39 


41 


570 


400 




0 


75 


40 


63 


680 


350 


0 

1.42 


0,5 
0 


64 


40 


53 


800 


350 


1.42 


0 


150 


60 


95 


700 


200 


0 


1.51 


230 


90 


170 


630 


40 


2.82 


0 


460 


81 


230 


580 


30 


0 


2.90 


530 


156 


375 


650 


5 


6.5 


0 


650 


170 


600 


340 


0 



has been increased more than lOrt"/ xh^ ^.f Polymer, the tensile strengtii 

conventiond manL '^''^^ Polymeis may be cured in ^ 

T, . J. L Example 14 

was l^Z^ns^O-^^T^^'^^^^^^^^ block polymer 

a n-ber averB??ScX^«^ofS'l5XTd'r^^ 

sequences haying number average molecular ^ihS'oYLut 50 ^"^"^ 

tabuJtSin^&vr ^^'^"^"'^ ^ ofta^^lfS. The results are 
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were found to have improved physical Fop'-r'^i' J^"' , . , cq j| 
method of Example 14. 

"*t"1IS d»»me, „ claimed i. claim 2, c«aini„g 02 » 12 mole % 
""""f A^SSbfc s«lf»»Kd das.»n» conou-ntog ■Bonjydicaj.».dc 6««p. and 

'"^lo^'tioilied homogeneous st^-rene-isobutyleoe copolymer (as herdn defined) 



" '^Ta'f sut-tcd elastomer as daimed in any of dah.s 1 to ll^^^-^^f*"^ 

*° ^t^SSe unsulfonatcd form of the elastomer in a solvent, which is also 
a solvent for the said complex of (b), and c 

■^7. A. ic^ a. cWmad i. d^4» daim 15 " ^-"-^ 

hetdn «lth rdcract ■» g jv^HkM)7 ' " 

liSufioUiSiRa, 
London, SWIY4HS. 
Agent for die ApplicaiKs. 
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2 SHiETS Thte </r<n«inr is « n.prorfuctJ«. of 
the Origfnor on o reduced sca/e. 
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2 SHEETS Tfefs „ ^pttduetim of 

dw OrigifwT on o ndaad scafe. 
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